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(57) Abstract: 

PURPOSE: To provide a heat treatment furnace for 
semiconductor substrate which is capable of 
significantly reducing the metal contamination level of 
a heat-treated semiconductor substrate. 

CONSTITUTION: A heat treatment furnace has a furnace 
tube 4 located on a base plate 1 and housing a boat 5 
therein, an external tube 3 located outside the furnace 
tube 4, a heater 2 located outside the external tube^3, 
and a sealing chamber 8 for sealing the ; texte'firial vtubqid^ 
and the heater 2. A plurality of semiconductor 
substrates 7 are housed in the boat 5. A purge gas 
introduction tube 9 for introducing a purge gas between 
the furnace tube 4 and the external tube 3 is provided 
through the base plate 1. Also, a cooling gas 
introduction tube 1 1 for introducing a cooling gas 
between the external tube 3 and the sealing chamber 8 is 
provided through, the base plate 1. The purge gas 
supplied from the purge gas introduction tube 9 is a 
nitrogen gas containing 0.01-0.1% of oxygen. 
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* NOTICES * 

Japan Patent Office is not responsible for 
anydamages caused by the use of this translation. 

1. This document has been translated by computer. 
So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the 
heat treating furnace of a semiconductor substrate, 
and relates to the heat treating furnace which can 
especially reduce metal contamination of a 
semiconductor substrate. 
[0002] 

[Description of the Prior Art] It follows on detailed- 
izing and high integration of a semiconductor device 
in recent years, and is MOS. The electric field which 
thin film-ization of the gate oxide film of LSI 
progresses, and join a gate oxide film have 
increased. For this reason, detailed and quantity 
accumulation MOS The poor reliability resulting from, 
the gate oxide film of LSI was actualizing, and the 
reduction was desired. 

[0003] Moreover, detailed and present and quantity 
accumulation MOS Si substrate raised by the CZ 
process from the problem of matching with aperture 
and a device process is used for LSI. For this 
reason, the gate oxide-film destruction by the crystal 
defect in Si substrate is one of the greatest causes 
resulting from the gate oxide film mentioned above 
that reliability is poor, and the cure was desired. 
[0004] As a cure of the gate oxide-film destruction 
by the crystal defect in this Si substrate, the 
equipment which heat-treats Si substrate by the hot 
non-oxidizing atmosphere is developed. As this 
thermal treatment equipment, the heat treating 



furnace as conventionall^^Piwn in drawing 5 is 
used. 

[0005] The conventional heat treating furnace 
shown in drawing 5 is equipped with a base plate 1, 
and the boat 5 by which two or more Si substrates 7 
were. set through the boat base 6 on the base plate 
1 is arranged. This boat 5 is contained by the 
reactor core tube 14 arranged on a base plate 1 , 
and the reactor core tube 14 is contained by the 
liner tube (external pipe) 13 arranged further on the 
outside. Moreover, the heater 2 is arranged on the 
outside of a liner tube 13. 

[0006] The quality of the material of a reactor core 
tube 14 serves as a quartz, and the quality of the 
material of a liner tube 13 serves as SiC in which 
the SiC coat was carried out by CVD. Moreover, the 
Fe-Cr-aluminum alloy heater is used as a heater 2. 
[0007] In a reactor core tube 14, stability is thought 
as important, for example, hydrogen gas is flowed, 
and the reactor core tube 14 interior is maintained at 
the non-oxidizing atmosphere. 
[0008] 

[Problem(s) to be Solved by the Invention] In the 
above conventional heat treating furnaces, a liner 
tube 13 and a reactor core tube 14 are heated to the 
heat treatment temperature of a semiconductor 
substrate. Moreover, it has the influence of the 
hydrogen-reduction nature atmosphere in a reactor 
core tube 14, and melting and evaporating, going 
into the reactor core tube 14 interior through a 
reactor core tube 14, and polluting the 
semiconductor substrate 7 have the metal impurity 
of the minute amount contained in a liner tube 1 3 
and a reactor core tube 14 at the time of heat 
treatment in spite of high-grade-izing of each part 
material. 

[0009] The metal pollution level of the 
semiconductor substrate 7 by such phenomenon 
does not have a bad influence especially on the 
present semiconductor device. However, a bad 
influence is expected when the semiconductor 
device of the design rule of 0.1-micrometer level will 
be heat-treated from now on. 
[0010] this invention is made in consideration of 
such a point, and aims at offering the heat treating 
furnace of the semiconductor substrate which can 
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reduce more sharply than before the metal pollution 
level of the semiconductor substrate after heat 
treatment. 
[0011] 

[Means for Solving the Problem] It is the heat 
treating furnace of the semiconductor substrate 
characterized by to have equipped invention 
according to claim 1 with the reactor core tube 
which heat-treats by containing two or more 
semiconductor substrates, the external pipe which 
covered the reactor core tube on the outside of this 
reactor core tube, and has been arranged on it, and 
the heater arranged on the outside of this external 
pipe, and to establish a 1st gas supply means 
supply the inert gas containing 0.01 - 1% of oxygen, 
between the aforementioned reactor core tube and 
the aforementioned external pipe. 
[0012] The reactor core tube which heat-treats by 
invention according to claim 2 containing two or 
more semiconductor substrates, It has the external 
pipe which covered the reactor core tube on the 
outside of this reactor core tube, and has been 
arranged on it, and the heater arranged on the 
outside of this external pipe, the aforementioned 
reactor core tube It is the heat treating furnace of 
the semiconductor substrate characterized by 
having prepared the polycrystal silicon layer in the 
outside of the material which carried out SiC 
covering by CVD to both sides of a SiC base 
material, or the outside of the material which carried 
out SiC covering by CVD to both sides of a graphite 
base material, and being formed in it. 
[0013] 

[Function] In case a semiconductor substrate is 
heat-treated within a reactor core tube, while 
performing heating at a heater from the outside of 
an external pipe according to invention according to 
claim 1 , the inert gas which contains 0.01 - 1 % of 
oxygen from the 1 st gas supply means is supplied 
between a reactor core tube and an external pipe. 
[0014] The inert gas containing this oxygen oxidizes 
the metal impurity which exists between a reactor 
core tube and an external pipe, and let it be a 
metallic oxide with the more high melting point. For 
this reason, melting and the metal impurities which 
evaporate and go into the interior of a reactor core 



tube through a reactor core tube decrease in 
number sharply by heating of a heater. 
[0015] If according to invention according to claim 2 
heating at a heater is performed from the outside of 
an external pipe in case it heat-treats, a metal 
impurity will adhere to a reactor core tube from an 
external tubeside. In this case, since the polycrystal 
silicon layer is prepared in the outside of a reactor 
core tube, a metal impurity is incorporated by this 
polycrystal silicon layer. For this reason, a metal 
impurity does not advance into a reactor core tube. 
[0016] 
[Example] 

With reference to drawing 1 , the 1st example of this 
invention is explained below the 1st example. As 
shown in drawing 1 , the heat treating furnace of the 
semiconductor substrate of this example is 
equipped with the reactor core tube 4 which is 
arranged on a base plate 1 and contains a boat 5 
inside, the external pipe 3 arranged on the outside 
of a reactor core tube 4, the heater 2 arranged on 
the outside of the external pipe 3, and the airtight 
container 8 which seals the external pipe 3 and a 
heater 2. Moreover, the gas induction and the gas 
eccrisis section which are not illustrated are 
connected to the reactor core tube 4. 
[0017] Moreover, the purge gas exhaust pipe 10 
which discharges purge gas from between the 
purge gas introduction pipe (the 1st gas supply 
means) 9 which introduces purge gas into a base 
plate 1 between a reactor core tube 4 and the 
external pipe 3, and reactor core tubes 4 and the 
external pipes 3 is formed, respectively. Moreover, 
the coolant-gas exhaust pipe 12 which discharges 
coolant gas from between the pipe coolant-gas 
introduction pipe (the 2nd gas supply means) 1 1 
which introduces coolant gas into a base plate 1 
between the external pipe 3 and an airtight 
container 8, and the external pipes 3 and airtight 
containers 8 is formed, respectively. 
[0018] A boat 5 is arranged on a base plate 1 
through the boat base 6, and two or more 
semiconductor substrates (for example, Si 
substrate) 7 are contained inside. This boat 5 is 
contained in a reactor core tube 4 as mentioned 
above, in the reactor core tube 4, hydrogen gas is 



filled and, for this reason, the inten^^^maintained 

at the non-oxidizing atmosphere. 
[0019] Next, the quality of the material of a reactor 
core tube 4 is explained. As the quality of the 
material of a reactor core tube 4, SiC and Si in 
which the SiC coat was carried out by a quartz or 
CVD, GC graphite, or the graphite the SiC coat was 
carried out [ graphite ] by CVD is used. Here, with 
SiC in which the SiC coat was carried out by CVD, 
the thin film of SiC is formed in the front face of the 
SiC parent formed by powder metallurgy by CVD 
(chemical-vapor-deposition method). Moreover, with 
GC graphite, the thin film of carbon is formed in the 
front face of a graphite parent by GC (gas 
chromatography). Furthermore, with the graphite in 
which the SiC coat was carried out by CVD, the thin 
film of SiC is formed in the front face of a graphite 
parent by CVD (chemica I- vapor-deposition method). 
[0020] The reactor core tube 4 is airtightly covered 
with the external pipe 3 arranged on the outside. As 
the quality of the material of this external pipe 3, the 
quartz of a high grade is used preferably. Moreover, 
when airtightness is not required, the same quality 
of the material as a reactor core tube 4 can be used. 
[0021] The external pipe 3 is sealed with the airtight 
container 8 arranged further on the outside. In this 
airtight container 8, the heater 2 which consists of 
alloy heaters, such as an Fe-Cr-aluminum alloy, 
counters the side of the external pipe 3, and is 
arranged. 

[0022] As a heater 2, you may use a ceramic 
heater, a carbon heater, or a halogen lamp other 
than alloy heaters, such as an Fe-Cr-aluminum 
alloy. 

[0023] When using heaters other than an alloy 
heater, the soaking nature in a heat treating furnace 
is somewhat inferior. However, since elevated- 
temperature heat treatment on the front face of a 
substrate which became an oxygen free-lancer by 
the oxygen out diffusion in a semiconductor 
substrate is performed unlike the film forming 
technique by oxidization or CVD, heaters other than 
an alloy heater are also enough in non-oxidizing- 
atmosphere heat treatment performed by this 
example, practically in respect of temperature 
distribution etc. 



[0024] The gas supplied W the purge gas 
introduction pipe 9 is nitrogen gas (purge gas) 
containing 0.01% - 1% of oxygen. While the oxygen 
density in this purge gas needs to obtain the 
strength of the required oxidation, it defines a top 
and a lower limit in consideration of safety when the 
hydrogen in a reactor core tube 4 is revealed. That 
is, an oxygen density could not perform the desired 
oxidation at less than 0.01%, but since the 
explosion limit of another side oxygen was 4%, in 
consideration of safety, the top and the lower limit 
were defined as 4%/4(safety factor) =1%. On the 
other hand, the gas supplied from the coolant-gas 
introduction pipe 11 is nitrogen gas (coolant gas). 
[0025] Moreover, in order to form the uniform flow of 
purge gas between a reactor core tube 4 and the 
external pipe 3, as for the rate of flow of the purge 
gas which flows from the purge gas introduction 
pipe 9 to the purge gas exhaust pipe 10, 
considering as 12 or less cm/s is desirable. As for 
the rate of flow of the coolant gas which flows from 
the coolant-gas introduction pipe 1 1 to the coolant- 
gas exhaust pipe 12 on the other hand, considering 
as 5 or more cm/s is desirable. 
[0026] In addition, as a non-oxidizing atmosphere in 
a reactor core tube 4, you may use each gas of an 
argon, helium, and a carbon monoxide, these 9 ** 
gas, or the mixed gas of these and hydrogen other 
than hydrogen gas. 

[0027] Furthermore, as purge gas supplied from the 
purge gas introduction pipe 9, you may use the 
thing which made inert gas, such as an argon 
besides nitrogen gas, and helium, mix 0.01% - 1% 
of oxygen. On the other hand, as coolant gas 
supplied from the coolant-gas introduction pipe 1 1 , 
you may use inert gas, such as an argon besides 
nitrogen gas, and helium. 
[0028] Next, an operation of this example which 
consists of such composition is explained. In case 
the semiconductor substrate 7 is heat-treated within 
a reactor core tube 4, heating at a heater 2 is 
performed from the outside of the external pipe 3. In 
this case, the inert gas (purge gas) which contains 
0.01 - 1 % of oxygen from the purge gas introduction 
pipe 9 is supplied between a reactor core tube 4 
and the external pipe 3. Simultaneously, coolant gas 
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is supplied from the coolant-gas introduction pipe 1 1 
between an airtight container 8 and the external 
pipe 3. 

[0029] If the external pipe 3 is heated at a heater 2 
at the time of heat treatment, in spite of an operation 
of the coolant gas mentioned later, a part of metal 
impurities, such as copper contained in the external 
pipe 3, fuse and flow out, and it evaporates partially, 
and exists as metallic fumes between a reactor core 
tube 4 and the external pipe 3. These metallic 
fumes are discharged by the uniform flow of the 
purge gas between a reactor core tube 4 and the 
external pipe 3 to the purge gas exhaust pipe 10 
shell exterior. 

[0030] By the way, if oxygen is not mixing into purge 
gas, it is possible that the metallic fumes which exist 
between a reactor core tube 4 and the external pipe 
3 adhere to a reactor core tube 4 side, serve as 
molten metal, and flow into a reactor core tube 4 
through a reactor core tube 4. However, since 
oxygen is mixing Into purge gas in the case of this 
invention, the metallic fumes which adhered to the 
reactor core tube 4 side in the operation of the 
oxygen in purge gas serve as a metallic oxide like 
for example, a copper-acid ghost. Since the melting 
point is higher than the metal of a basis, this metallic 
oxide is immediately solidified in reactor core tube 4 
front face. For example, the melting point of a 
copper-acid ghost is about 1200 degrees C to the 
copper melting point being about 1080 degrees C. 
For this reason, it is prevented that metallic fumes 
liquefy again on the front face of a reactor core tube 
4, and flow into a reactor core tube 4 through a 
reactor core tube 4. 

[0031] In addition, coolant gas flows external pipe 3 
external surface, cools the external pipe 3, and 
keeps the temperature of the external pipe 3 lower 
than the melting point of a metal impurity. For 
example, in this example, while performing heat 
treatment of 1 hour at 1200 degrees C to the 
semiconductor substrate 7, the skin temperature of 
the external pipe 3 is kept at about 950 degrees C 
lower than the melting point of the copper which is a 
metal impurity by coolant gas. Thus, melting and the 
evaporation of the metal impurity from the external 
pipe 3 itself can be beforehand suppressed by 




keeping the temperature of the external pipe 3 at 
about 950 degrees C. 

[0032] As explained above, according to this 
example, melting and the metal impurity which 
evaporates, reaches a reactor core tube 4 and goes 
into the reactor core tube 4 interior through a reactor 
core tube 4 can be sharply decreased by heating of 
a heater 2. In addition, although the high grade 
quartz desirable as the quality of the material of the 
external pipe 3 had low softening temperature and 
there was a problem in respect of a life 
conventionally, since the external pipe 3 is cooled 
by coolant gas in this example, the effect of 
prolonging the life of the external pipe 3 is also 
expectable. 

[0033] An example, next the example of this 
example are described. Heat treatment of 1 hour 
was performed at 1200 degrees C to the direction (1 
0 0) Si substrate raised by the CZ process using the 
heat treating furnace of this invention shown in 
drawing 1 , and the conventional heat treating 
furnace shown in drawing 2 , and metal impurity 
evaluation of Si substrate after heat treatment was 
performed. Under the present circumstances, the 
following results were obtained. That is, according 
to the total reflection X-ray fluorescence analysis, 
both of the metal impurity were below limit of 
detection (1x1010cm-2). However, according to the 
WSSD/TREX method which raised detection 
sensitivity, with the heat treating furnace of the 
conventional example, the iron and copper of 0.1- 
1x1010cm-2 were detected. On the other hand, in 
the heat treating furnace by this invention, the metal 
impurity was below limit of detection (0.01x1 01 0cm- 
2). Therefore, according to the heat treating furnace 
of this invention, metal contamination of the 
semiconductor substrate after heat treatment was 
able to be decreased or less [ of the conventional 
heat treating furnace ] to 1/10. 
[0034] With reference to drawing 2 or drawing 4 , 
the 2nd example of this invention is explained below 
the 2nd example. In drawing 2 or drawing 4 , the 
same sign is **(ed) into the same portion as the 1st 
example shown in drawing 1 , and detailed 
explanation is omitted. 
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[0035] As shown in drawing 1 , the^^Wtreating 

furnace is equipped with the reactor core tube 4 
which is arranged on a base plate 1 and contains a 
boat 5 inside, the external pipe 3 arranged on the 
outside of a reactor core tube 4, and the heater 2 
arranged on the outside of the external pipe 3. 
Moreover, the gas induction and the gas discharge 
section which are not illustrated are connected to 
4 

[0036] A boat 5 is arranged on a base plate 1 
through the boat base 6 made from a quartz, and 
two or more semiconductor substrates (for example, 
Si substrate) 7 are contained inside. This boat 5 is 
contained in the reactor core tube 4 as mentioned 
above. In the reactor core tube 4, hydrogen gas is 
filled and, for this reason, the interior is maintained 
at the non-oxidizing atmosphere. 
[0037] Next, the quality of the material of each part 
is explained. As shown in drawing 3 , a reactor core 
tube 4 covers the SiC thin film 22 with CVD, forms 
the polycrystal silicon layer 23 on the SiC thin film 
22 located further outside, and is formed in both 
sides of the SiC base material 21 formed of the 
powder metallurgy. 

[0038] In addition, you may use a graphite base 
material instead of the SiC base material 21. That 
is, you may prepare and form the polycrystal silicon 
layer 23 on the SiC thin film 22 which covers the SiC 
thin film 22 with CVD to both sides of a graphite 
base material, and is further located outside in a 
reactor core tube 4. 0.1-5 micrometers is suitable for 
polycrystal silicon layer thickness. 
[0039] moreover - although the quartz of a high 
grade is used preferably as the quality of the 
material of the external pipe 3 - a reactor core tube 
4 and abbreviation - you may use the same 
material 

[0040] Next, an operation of this example which 
consists of such composition is explained. Heating 
at a heater 2 is performed from the outside of the 
external pipe 3. In this case, a part of metal 
impurities, such as copper contained in the external 
pipe 3, fuse and flow out, evaporate partially, and 
adhere to a reactor core tube 4 side. In this case, 
since the polycrystal silicon layer 23 is formed in the 
outside of a reactor core tube 4, a metal impurity is 



incorporated by this polyc^^^ silicon layer 23. For 
this reason, a metal impurity enters inside a reactor 
core tube 4, and does not adhere on the front face 
of the semiconductor substrate 7. 
[0041] An example, next the example of this 
example are explained. About the heat treating 
furnace of this invention which formed the 
polycrystal silicon layer 23 in the reactor core tube 4 
shown in drawing 2 or drawing 4 , and the heat 
treating furnace (example of comparison) which 
does not form the polycrystal silicon layer 23 in a 
reactor core tube 4, the CzSi substrate of P type, 
specific resistance 2-6 ohm-cm was heat-treated, 
and the surface impurity was compared. As heat 
treatment conditions, it is the inside of a reactor core 
tube 4 H2 It considered as atmosphere, heating 
temperature was made into 1150 degrees C, and 
heating temperature was made into 30 minutes. As 
an analysis method of Si substrate, when the total 
reflection X-ray fluorescence analysis was used, the 
surface metal impurity in this invention and the 
example of comparison became below limit of 
detection (although it changes with elements, it is 1 
- 2x1010 atoms/cm2), and the difference was not 
seen between this invention and the example of 
comparison. 

[0042] It is a surface impurity in order to raise 
detection sensitivity HCI+H 202 The slight amount 
solution recovered and it analyzed by the total 
reflection X-ray fluorescence analysis after 
evaporation ****. This result is shown in drawing 4 . 
As shown in drawing 4 , with the equipment of the 
example of comparison, Fe and Cu are 109 
atoms/cm2. With the equipment by this invention, 
they are after heat treatment and at most 108 
atoms/cm2 to having been detected to order. It 
became order or below limit of detection (following 1 
- 2x108 atoms/cm2), and it became clear that there 
are very few impurity yields compared with the 
example of comparison. In the. case of this 
invention, the effect especially over Cu is 
remarkable and polycrystal silicon is considered to 
have incorporated Cu effectively. 
[0043] 

[Effect of the Invention] According to invention 
according to claim 1 , compared with the non- 



oxidizing-atmosphere heat treating furnace of the 
conventional semiconductor substrate, sharply, it is - 
stabilized and reduction of metal contamination of a 
semiconductor substrate is made. For this reason, 
generating of the poor PN-junction leak resulting 
from metal contamination expected when no less 
than 0.1 micro of semiconductor devices of a design 
rule is heat-treated on level's with the conventional 
heat treating furnace can be prevented effectively. 
Consequently, also in the semiconductor device of 
the design rule of 0.1 -micrometer level, the reliability 
of a gate oxide film becomes possible [ performing 
good non-oxidizing-atmosphere heat treatment J. 
[0044] According to invention according to claim 2, 
the metal impurity which moves to a reactor core 
tube side from an external tubeside is incorporated 
by the polycrystal silicon layer of a reactor core tube 
outside. For this reason, a metal impurity cannot 
advance into a reactor core tube, and reduction of 
metal contamination of a semiconductor substrate 
can be aimed at. 




to both sides of a graphite base material, and 
forming it in it. The reactor core tube which heat- 
treats by containing two or more semiconductor 
substrates. The external pipe which covered the 
reactor core tube on the outside of this reactor core 
tube, and has been arranged on it. The heater 
arranged on the outside of this externa! pipe. 



[Translation done.] 



CLAIMS 



[Claim(s)] 

[Claim 1] The heat treating furnace of the 
semiconductor substrate characterized by having 
had the reactor core tube which heat-treats by 
containing two or more semiconductor substrates, 
the external pipe which covered the reactor core 
tube on the outside of this reactor core tube, and 
has been arranged on it, and the heater arranged 
on the outside of this external pipe, and establishing 
a 1 st gas supply means to supply the inert gas 
containing 0.01 - 1 % of oxygen, between the 
aforementioned reactor core tube and the 
aforementioned external pipe. 
[Claim 2] It is the heat treating furnace of the 
semiconductor substrate which is equipped with the 
following and characterized by for the 
aforementioned reactor core tube having prepared 
the polycrystal silicon layer in the outside of the 
material which carried out SiC covering by CVD to 
both sides of a SiC base material, or the outside of 
the material which carried out SiC covering by CVD 
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mk-rs^^s^Mffirr . 
[0012] f»*3S2ffi)tt<r>«wj±. mi<n¥mw.mwL 
zmfttximmzffofpfimt. z\<^&e<mmiz 
iFfc'gz&iXMmztiwm'g k . c nnwfvmm 

lzmm.Ztitzt-?bt:ffiz.. m&Fimte. SiCf 
tt<7)ffiMlzn LX C V D lc i >9 S i C SHI LfcWRtfW 
H. ifcli/57T'f h©^c0M®^LTCVDtz:i: 
0 S i CMLfcAS^MW^teftS/y n>-*i&ISft 

[00 13] 

htmzff ottbiz. ipi&tgttmmtwmizm 1 

x«»#R*»4» 0 . oi~i %c7)i^$r-irtj^g'l±^x 

[0014] i<0MB**O3p*gtt^tt*FS«k«« 
«k<oP B H:#^E-r^^J^FM^*ig^$-^. ± OffluSo 



3 • 

[ooi5] m^m^tmcowtmzxixM. . zmm&n 
iRSw^miit^ififti' ^ v/i#i£ft <inT v ^4 «o 

X\ &WPFWtoteZ\<7>&&&i/ >J ^ vj|(aR 0 ii* ft. 
[0016] 10 

immm) 

wf. m i ur *ififflc7)is i (Dnmmiz^ ^xm 
mti . h i t^-f-i a xmmntmiks&nfk 

5 *tt#rrS0Wff4 k „" r^«4 <0*HHfcS!H$;ftfc 
*K»B?3 k . W»*3<^JWIKiM8fufeh-^ 2 fc , 
*MMF 3 cfct/t - * 2 £«e#tt-*£WES3S 8 Itmt 
X^2>. 4fc0*£?j?4fcii. a^L&v^^ASfl&J: 
tf#*#ai»*^«te*iT^S. 20 
[0017] ii^K—XTU— b 1 fc. jP&fg* k *>YU 

<g3k coffin- =jjjx trnx-fZ'*- istfxmw 
'mi tfxm&^fst ) 9 k . ws» 4 9mk* 3 1 <?}ra 

?ixm~tt>ixx^h„ ± ti<— xzr u—h llz^ ftfflg 

3 t9ms»s k emtztim/rxtmxr&m&tfx 
•»8 1 «H»»fe?«jixrAtr»ai-r*jf«ixr^sfa» 1. 2 

[0 0 1 8] #-b5ti. ^-h^e^iftx^-xy- 30 

wmzixxti 0 , c: tttbftm { imim.mffl&<,z& 
too 1 9] yet, &im4<7)tfmz^xmwtz>. 

jp$M4<7>m&k LTfcttSIS, CVD^CJ; 
0 S i C:3-h$ftA*S i C. Si, GC^??^ 
K JfcliC VDStiOSiCa-h 7 t 

■Y h7j 5 fflV"»£>ix4 „ let, CVD&tcJ; 0 S i Ca- 40 

ctft«*ii:, cvds (fls^SMBifc&ifc) Ciot 

s i c<r>mm£Bf&L?zi><r>x'$>&. ttz. Gey?? 

T-fhkiZ. f^yTJhfflbommtZ, GC {fix? 

SMC CVDSCJ: 0 S i Cn-hStt/c 
^"5 7 r -f h i: ti . ^77rO Sflw^Slffit;: , CVD 

i><7:>"C£>4. 

[ 0 0 2 0 ] fpfc'g 4 (i , <- *>*HJW tKB $ *ifc*MMf 50 
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3 lz£. ~>X %mzmhtiX ^4. 1 O^fflPg 3 <7)fcf« > 

^,s?'t4*^*§?i^v^^(±^"E;¥4 k mmnwmtfm 
mx-^i. 

[002 1 ] *MMf 3«. 3£lw-e^hfflJtIEa§<x^^ 
Sr^fs 8 (c J; o T&ff *ilT V ^4 . Z <m.mm$s 8 F*] 
fc. Fe-Cr-Al^ffiOMt-^^|,h- 
* 2#\ ^ai«30i»J®{C^|6]L-C@eg$ft.TU-5>. 

[0022 ] h — *2 fcLtll Fe-Cr-Al^i 

[0023 ] •^b-^tW»Ot-^S:fflv^*g-|±,- 

WClTd ^NlMt:tt»HI«!6«BlK:*v ^tl UHfc^C v 
D m iz i 4 Mfig^S^r S=Sr 0 , **#a6R*<OBf5R^' 
H &mz X 0 V - k 4 o fc*K*B5tf>i85S3fcA!!S 

[0024] '*-i?tfxm*M9 frt>m&Zil&tfX 

0. 0 l%~l%<OK**r*t»a*Xf^. {rt-ittf 
x ) x*fo 4 „ itfvc— ^x«fJOiMRiKtt. 

nx-hh. tth-h. mmmmwo. 01 %^.mxnm 

j^4%=£fcOT> ^^#^LT4%^-4 (^*) =1 
%i: LT± • TBRtt* ^in^/x^A-r 1 
i*^«i^$ft.4^'x{i;M#^x (x&Mfx) ktc-> 

X\^h. 

[0025] &fz. ^- t J^fX : mxm9i}^^- ; J^X 

wsmi o^&it&'*->>tfx<7)%mii. ip-fcmAktv 

tc. 1 2cm/sJSTi:t4;i:* 5 aiU>. » 

OfXWmfo 5 c m> s KLhfc -f 4 £ k t>m 4 L V \ 
[0026]^, #»»«4 rt^)#®S^ttlfH»k LT 

(4. 7Km*'x<7)f(!it, r;un>, ^u»7A. — mtsm 

t7^{i<rflA,09^'7,, ^>4^{4C:ft.^i: 
[0027 ]$ ^-^'^3»A*9*»4>«lftS*l. 
-7 A^^Fvgtt^t 0 . 0 1 %~ 1 %c7)|g«^il^$ 

[0028] W:. -r ct;)J; 3 : Srfll^«^o : 5:4*llliS^:) 

mmmom. 9\-& f g3<wmfrt>t—?2iz£z>i}m 

Z'fi'j . .ic7:)J:^, r«>f4 ki1-«Mf3 kcr>f^z> 

t/xmx'g 9 frt>o. o i — i % comm * t» ^;-si± 



(4) 



[0029] &MW$l>Zli. b — 9 2 i£ X WVfflW 3 tfi 

Hi L . au^WKi^ t fl-SlFBr 3 fc *)fafc& 
JKIIMi: LT1«E^.S>. £<3&SIB5Mi, &1&B4kft 

y^Sffif 1 0 j&»fc*M5Kt*ai*ft* . 10 
[0030] t ZbX\ rt—*J#A.*P\ l ZfB8&tff£\\*X 
vvflr^fc , *FE?ff4 i:*f-*Mf 3 fctf)|BU=Sq£*-£&JK3Si 
*WflP^4Mfctt»U JS»^Ht 3 Sr^T*PS«4 £ 
31 0 'F^«4 rt^SEA-T * <1 1 btih . L . 
#fSHj?<?>*§-&\ ' ^"x4» ICR** 1 ®* LTV^-Sc?) 

r^ , i : 4aBt3fcv->-cK^fc^ia-ri.. Mi-tf. mcom 
1 0 8 0 °ctfc & wztt Lt . jflRfcft<z>»jSUi 20 

#n 2 0 O'CT'&S. :<0W> ^^^^4 CO 

[0031] tea. #aatf*\mwe39[m*Wxx9V 
izftvxi 2oo°cxnmffl<Dm%m%'{fo bbhiz. 

[0032] JSULSWBUfc i a tc, *^ifc0!lfc ±ft(i\ 
b-* 2*>J«M=J: D^lt • 5K»LTTO»4fc31L, 
TO^4 ^5IoT^Sl : 4F*lg|5l-AS^JR^ ! l : 5!)^ A1i 
<! fc tfffc & .. ^gB^3^««tL 

iSltfxx&ffl LX^hiXh. 3 nmftZMtf ~t b 
w>3»JM>»H*TS*. 40 
[0033] JiffrtfiJ 

JBasSiFi:. 02^-r#*(7)|» : 5aiIS 5 $:ffl^-C, cz 
ft-CWfi!tL^ (1 0 0) ?f{3S i Xi££*tLT 1 2 

0 o-c-e 1 ^fs\(r>msmin^\ mm&os i fttRco 

^JS^^tiffHffi £ff~>fc. ■- com , liTFO i a =flrt£**t 
»*>ftfc. ^RW«3tXJi«'Wffit«J:<i«rpi 
#4: k&JSW^Hj{i8(HilS# < 1 x 1 0 1 ' c nr* ) 
X'fo->tz. L-*»U SiajJBK*±*ffcWSSD/TRE 
xjJlciM', «*f7i|^5awt-t±0. l~l x 1 0 50 
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mz&&fmm&x'i,±&j^mnim\m%- < o . o 1 

x 1 o 10 c m-2 ) ^t. *%Bfl<7)^a 

(msm&n 1/10 OTtcMii-- $ * h z. t # fc . 
[0034 ] m2<7)mt>m 

ixr. M2 vmm 4 #bb ix *%m<7>m 2 comfg^t 

OUTl^-rSo H2JbSI24£:fcVvt. H 1 tC^"^ 

[ o o 3 5 ] 12 1 iz^-r x 5 iz. mm&iA^-xri/ 
b. &im4coi'mizW!mztitztm i g3 b . *mm?3 

MZtiX^Z. 

[0036] stf-b 5li53SS!0!]f— h^6^tT< 

[0037] &fc*»<9««eovvCK«D3i-&. Jp®* 
iC««2 KOWBSfc. CVDSti^t S i CH2 

2 . $ ^^hw^is-r-i. s i c«K2 2±t 

[0038]^i3, S i ceW2 l<Dft3bO^'^7r 

hftW^WCCVDitiotS i C?I)l2 2€rjR 
§ <btC*HSl!Jt<M1--5 S i CH2 2±t3^S B B B 
isVzjym2 3im-fXM&LlXi>^\ U 3 

y®c7)^$(i0. l~5,um#)tS-e£>S„ 
[0039] «.SMr3<0«Ki:LT«»4L<t± 

[0040] ^t^coi o%m®.frt>%z>*'mm<?>tt- 

ffl^ov Iftofl-r S . fl-SM? 3 <oWI0*»A> b 2 J; 

K^tt!BJ*«-Sigitt LTSSai L , fflftmzWM LX&& 
*4fflltc#*-r&. Cco*i^r. ^S?t40^Mtc(i^ 
B a H ^ 'J3V123 j^iftJt ^ftT ^ h(DX\ Z. <r>&&8&' 

'j n vm 2 3 tc «t *) ^m^motm^ ttih. z<r>tz 

K 7 o^H-LKfcNM- ^ i 4: ^. 
[004 1 ] ftfM'J 

k . rs« 4 t^MS >-« 2 3 



( 5 ) 



Q - c m£OC z S i ffig^JtJWlfW^, mM^Wfa*: 

itm t tz . mmmtkft- ttxit. w&v 4 1*1 h 2 j»-h 

^.t LT. M&SJgS: 1 1 5 CTCfc U M*}'SJg£ 3 0 

^wmmmmrr (ytmzj: 9ii&s#'i-2x 1 o»<> 

atoms/cm^ ) VlTcKcK). *¥&RbttMimbe> 
[0042] «ffiaS«*±tf SEffi^ttiftlS' H C 

i +h 2 oa <oa^jijs^igjRL3ijwaHa. ^^At 

9 atoms/cm* CO*— ^-Ttfcai StuttfH::** 

toms/cm* 03j--^-ft4\^ittajRR# (OTl 
-2X10 8 atoms/cm* ) &.T t % 0 . it 
dlA^fll«tl^NltlcW*ifflW! Lfc . *S6 
9!o*g\ mzc u fc:*«-£3&ft>&qr L < % ^m&^ 'J 
3 y# C u £ KJR o a A/Cl % £ *> CO t # X. 4>*X & . 
[004 3] 

mw&m^mimmmm^mmzyc^ ^mttmrn 
<n&&mMk<?)i&Mtf±mt,z , *>o^tT^$fLi>. «r 

co>t#> . fl£3lW)}Bi«^BFf 0 . 1 u t K^OT'T-'if -f 



10 



20 
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[0044 ] I9*JI2 iffi<7>&mz £tll£^ ftAWflft* 

[Escom^^mHj] 

[Hi] JfcffeBjjfc: j; £4^ffc»t£co#!^fI;FcoJFl 1 con 
[ 0 2 ] *$tmz J; & ^m»ft«R<7)gfc«^bPOS 2 CO* 
[03] 02COAg&fi£:*c0. 

[04] v&2cn>mm<w$m%£k*^-rm. 

[05] t^*CO^J$#:S«CO^!a^^^-r«ifct;0„ 
MW>K9I] 

2 t-^ 

3 ttSPff 
4 

7 

8 

2 1 Si CMtt 

2 2 Si 

23 zmskisv^ym 



[02] 
4 3 




II 9 6 



( 7T\ 



^2 



nam 



c — 23 



t i — t 

22 21 22 



[05 3 
14 13 



z 



10 12 I 



(6) 
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CH4] 



"a 

u 

\ 

to 

a 9 
° io 



* io 9 
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00° 0 (T Cu 



Cu 



*A*A* A<,A A 

Fe o° nn o 
Fe 



i i i i i i i i t 
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